ABSTRACT Hot, Dust-Obscured Galaxies (Hot DOGs), selected from the WISE all sky infrared survey, host some of the most powerful Active Galactic Nuclei (AGN) known, and might represent an important stage in the evolution of galaxies. Most known Hot DOGs are at z > 1.5, due in part to a strong bias against identifying them at lower redshift related to the selection criteria. We present a new selection method that identifies 153 Hot DOG candidates at z ∼ 1, where they are significantly brighter and easier to study. We validate this approach by measuring a redshift z = 1.009, and an SED similar to higher redshift Hot DOGs for one of these objects, WISE J1036+0449 (L Bol ≃ 8 × 10 46 erg s −1 ), using data from Keck/LRIS and NIRSPEC, SDSS, and CSO. We find evidence of a broadened component in Mg ii, which, if due to the gravitational potential of the supermassive black hole, would imply a black hole mass of M BH ≃ 2 × 10 8 M ⊙ , and an Eddington ratio of λ Edd ≃ 2.7. WISE J1036+0449 is the first Hot DOG detected by NuSTAR, and the observations show that the source is heavily obscured, with a column density of N H ≃ (2 − 15) × 10 23 cm −2 . The source has an intrinsic 2-10 keV luminosity of ∼ 6×10 44 erg s −1 , a value significantly lower than that expected from the mid-infrared/Xray correlation. We also find that the other Hot DOGs observed by X-ray facilities show a similar deficiency of X-ray flux. We discuss the origin of the X-ray weakness and the absorption properties of Hot DOGs. Hot DOGs at z 1 could be excellent laboratories to probe the characteristics of the accretion flow and of the X-ray emitting plasma at extreme values of the Eddington ratio.
INTRODUCTION
Supermassive black holes (SMBHs) are known to reside at the centers of most galaxies (e.g., Kormendy & Richstone 1995; Magorrian et al. 1998; Tremaine et al. 2002) , and are believed to play an important role in the evolution of their host galaxies during an active phase in which they accrete matter (e.g., Ferrarese & Merritt 2000; Gebhardt et al. 2000; Kormendy & Ho 2013 ). During such phases, they are observed as Active Galactic Nuclei (AGN). In the most luminous AGN, accretion is likely triggered by major galaxy mergers (e.g., Treister et al. 2012 ). An important stage in the life-cycle of SMBHs is believed to happen during a dust-enshrouded phase, when SMBHs accrete most of their mass, before blowing out the material (e.g., Martínez-Sansigre et al. 2005 , Glikman et al. 2007 , Urrutia et al. 2008 , LaMassa et al. 2016 ) and evolving into a blue unobscured source (e.g., Hopkins et al. 2006) . During this obscured phase the system is expected to be extremely bright in the infrared (IR). The first objects with these characteristics were discovered in large numbers by the Infrared Astronomical Satellite (IRAS), and are called luminous [L IR (8 − 1000 µ m) = 10 11 − 10 12 L ⊙ ] and ultra-luminous (L IR = 10 12 − 10 13 L ⊙ ) infrared galaxies (LIRGs and ULIRGs, respectively; e.g., Sanders & Mirabel 1996 , Farrah et al. 2003 , Lonsdale et al. 2006 , Imanishi et al. 2007 , Veilleux et al. 2009 ). Subsequently, submillimeter galaxies (SMGs; e.g., Blain et al. 2002; Alexander et al. 2005; Casey et al. 2014 ) at z ∼ 2 − 4 were discovered at longer wavelengths, while Spitzer surveys identified a population of DustObscured Galaxies at z ∼ 2 (DOGs; e.g., Yan et al. 2007; Dey et al. 2008; Fiore et al. 2009a , see also Toba et al. 2015 and Nagao 2016 for studies of DOGs selected using other facilities).
More recently, the Wide-field Infrared Survey Explorer satellite (WISE, Wright et al. 2010) has surveyed the whole sky in four mid-infrared (mid-IR) bands, discovering new populations of hyper-luminous (L IR = 10 13 − 10 14 L ⊙ ; e.g., Eisenhardt et al. 2012; Wu et al. 2014; Hainline et al. 2014) and extremely luminous (L IR > 10 14 L ⊙ ; Tsai et al. 2015) infrared galaxies (HyLIRGs and ELIRGs, respectively). This was accomplished by selecting objects that are faint or undetected in the W 1 (3.4 µm) and W 2 (4.6 µm) bands, but bright in the W 3 (12 µm) and W 4 (22 µm) bands. Overall ∼ 1000 of these sources were discovered across the entire extragalactic sky (i.e., ∼ 1 per 30 deg 2 ) (Eisenhardt et al. 2012 ). Spectroscopic redshifts for 115 "W 1W 2-dropouts" are currently available (Assef et al. 2015) , and most of these objects are at z 1.5, with the current highest redshift being z = 4.601 (Tsai et al. 2015; Díaz-Santos et al. 2016) . These sources are typically optically faint, and their IR spectral energy distributions (SEDs) peak at rest-frame λ ∼ 20 µm, implying dust hotter (T ≫ 60 K) than in ULIRGs, SMGs or DOGs. They are therefore referred to as Hot, Dust-Obscured Galaxies (Hot DOGs; Wu et al. 2012) . It has been shown that for these ELIRGs the 1-20µm luminosity is always larger than the infrared luminosity above 20µm (Tsai et al. 2015) . The lack of a far-IR peak in their SEDs implies that the dominant energy sources are luminous heavily obscured AGNs and not extreme starbursts Tsai et al. 2015) . Hubble Space Telescope and Keck/NIRC2 observations of Hot DOGs show strong lensing is unlikely (Eisenhardt et al. 2012; Wu et al. 2014; Tsai et al. 2015; Fan et al. 2016b ), while X-ray studies Assef et al. 2016; Piconcelli et al. 2015, this work) show that they contain very powerful AGN. The number density of Hot DOGs is comparable to that of type 1 AGN with similar luminosities at redshifts 2 < z < 4 Assef et al. 2015) . The most-luminous known galaxy in the Universe, WISE J2246-0526 (L bol = 3.5 × 10 14 L ⊙ , Tsai et al. 2015) , is a Hot DOG. Recent ALMA observations of this object have found evidence wide velocity spread, consistent with strong turbulence or isotropic outflows, which implies that the system is blowing out its interstellar medium, and might be in the process of becoming an unobscured quasar (Díaz-Santos et al. 2016) . Hot DOGs might therefore represent a key phase in the evolution of AGN.
In AGN, much of the X-ray emission is produced in a compact region very close to the SMBH ( 10 r G ; Zoghbi et al. 2012; De Marco et al. 2013 -where 
2 is the gravitational radius of the SMBH). X-ray observations are therefore a potent tool to infer the line-of-sight column density to the central engine (N H ). The relation between the bolometric and X-ray output of Hot DOGs also sheds light on the physical conditions of the X-ray emitting plasma. Hot DOGs are therefore excellent laboratories for probing the structure of the accretion flow at the highest luminosities, although they are not yet well-studied in the X-ray band, with only a handful having been observed by X-ray facilities to date. Stern et al. (2014) reported on two Hot DOGs observed with NuSTAR and XMM-Newton, plus an additional source observed only by XMM-Newton. All three targets are at z ∼ 2. Neither target observed by NuSTAR yielded a significant detection, while two of the three objects were faintly detected by XMM-Newton, implying that the sources are either X-ray weak or heavily obscured by column densities N H ≫ 10 24 cm −2 . Similar results were obtained by Piconcelli et al. (2015) , who studied a 40 ks XMMNewton spectrum of WISE J1835+4355, a Hot DOG at z = 2.298, and found N H ≫ 10 23 cm −2 , with the source likely being reflection dominated (Zappacosta et al., in prep.) . Recently, Assef et al. (2016) found evidence of similar levels of obscuration in the X-rays for another Hot DOG, WISE J0204-0506 (z = 2.100), using a serendipitous off-axis Chandra observation (160 ks exposure).
To constrain better the X-ray absorption of Hot DOGs, and hence their intrinsic X-ray luminosities, it is necessary to obtain reliable detections at E 10 keV, where their emission is less affected by neutral gas absorption (e.g., Lansbury et al. 2015 , Annuar et al. 2015 , Puccetti et al. 2016 , Tanimoto et al. 2016 , Ricci et al. 2016a . The simplest way to do this is to observe brighter, lower-redshift sources. However, Assef et al. (2015) show that the number of Hot DOGs at such redshift is very small, in part due to an inherent bias in their selection function, with fast space density evolution also a likely contributing factor. Furthermore, Hot DOGs that happen to be at lower redshifts are biased toward being much less luminous than their higher redshift counterparts due, at least in part, to the strict requirements Figure 1 . Images of the field around WISE J1036+0449 from the hard X-rays to the far-IR. From the top to the bottom, the panels show the images obtained by NuSTAR FPMA (3-24 keV), Swift/XRT (0.3-10 keV), SDSS r-band (6231Å), WISE band 1 (3.4 µm), band 2 (4.6 µm), band 3 (12 µm) and band 4 (22 µm), and by CSO (350 µm). The NuSTAR image was obtained by combining the three observations, as described in Section 4, and was smoothed with a Gaussian kernel of radius 12 pixels. The SDSS image was smoothed with a Gaussian kernel of radius 2 pixels. The CSO image shows the signal-to-noise ratio per pixel. The crosses show the position of WISE J1036+0449, while the circles in the bottom right the size of the beam. In all images North is up and East is left. of the selection function on the W 1 flux.
A new selection technique, as discussed in the following section, allows identification of a significant population of Hot DOGs at z ∼ 1 (Assef et al. in prep.) . We report here on the study of one of these new objects, WISE J103648.31+044951.0 (WISE J1036+0449).
In this paper, we show that the SED of WISE J1036+0449 at z=1.009 peaks in the mid IR, similarly to Hot DOGs at higher redshift. Exploiting three NuSTAR observations, we are able to constrain the line-of-sight column density and its intrinsic X-ray luminosity. WISE J1036+0449 is one of the closest Hot DOGs known (z = 1.009) and, given its relative proximity, it could become an important case study of this interesting population of AGN.
The paper is structured as follows. In §2 we describe the selection method, and show that the SED of WISE J1036+0449 is consistent with those of other Hot DOGs. In §3 and §4 we report on the X-ray observations available and on the X-ray spectral analysis, respectively. In §5 we discuss the possible intrinsic X-ray weakness of Hot DOGs and their absorption properties, while in §6 we report our conclusions. Throughout the paper we use Vega magnitudes and adopt standard cosmological parameters (H 0 = 70 km s −1 Mpc −1 , Ω m = 0.3, Ω Λ = 0.7). Unless otherwise stated, all uncertainties are quoted at the 90% confidence level. Assef et al. (2015) presented the redshift distribution of a large sample of Hot DOG candidates, showing that it is bimodal, with almost all confirmed Hot DOGs at z ∼ 2 − 4, and a small number of apparent contaminant sources at z 0.5. There is a significant dearth of Hot DOGs in the z ∼ 1 − 2 redshift range, and Assef et al. (2015) argue that while a strong redshift evolution toward this redshift range is likely, the results could be in part driven by an inherent bias against z 2 objects in their selection function. As discussed in detail by Eisenhardt et al. (2012) , Hot DOGs are selected purely based on their WISE magnitudes (specifically those from the All-Sky Data Release 1 ), without the use of supporting observations. Hot DOGs are required to have W 1 >17.4 mag and satisfy either that i) W 3 <10.6 mag and W 2 − W 3 >5.3 mag, or that ii) W 4 <7.7 mag and W 2 − W 4 >8.2 mag. The requirement of faintness in the W 1 and W 2 bands strongly biases the sample against the most-luminous z ∼ 1 objects, where W 1 would sample the rest-frame 1.6 µm maximum of the host-galaxy stellar emission. Such biases must be considered when studying the redshift and luminosity evolution of this population.
SOURCE SELECTION AND SPECTRAL ENERGY DISTRIBUTION
To mitigate these biases, we have devised a complementary WISE color selection function which allows to target Hot DOGs at z ∼ 1 − 2. Specifically, we select objects whose All-Sky Data Release magnitudes meet all the following three requirements: (i) W 1 <17.4 mag, (ii) W 1−W 3 >7 mag, and (iii) W 1−W 4 >10 mag. The color requirements were chosen to specifically select objects in the z ∼ 1 − 2 range with IR SEDs similar to that of WISE J1814+3412 (Eisenhardt et al. 2012) , which is one of the best-studied Hot DOGs in the literature. Requirement (i) makes the selection function complementary to that of z > 1.5 Hot DOGs (which have W 1 >17.4 mag), and reflects the fact that deeper Spitzer IRAC detections of z > 1.5 Hot DOGs (Assef et al. 2015 , Tsai et al. 2015 implies that z∼1 sources with similar SEDs will be detected by WISE at this level. There are only 153 objects in the entire extragalactic sky that meet these criteria, and an extensive follow-up campaign is underway to assess the completeness and contamination of this selection. These results will be reported in detail elsewhere (Assef et al. in prep.) .
One of the first objects selected by the criteria defined above is WISE J1036+0449 (Fig. 1) , which would not meet the Hot DOGs selection criteria because it is too bright in the W1 band. In the next sections we discuss some of the follow-up observations carried out to demonstrate that it is a bona fide Hot DOG in the targeted redshift range. 
Optical spectroscopy
Optical spectroscopy for WISE J1036+0449 was obtained on UT 2012 April 20 using the Low Resolution Imaging Spectrometer (LRIS, Oke et al. 1995) at the Keck observatory with a slit width of 1.5 arcsec. The data were reduced using the standard IRAF 2 tools. The spectrum (Fig. 2) shows a red continuum and several well detected narrow emission lines. From blue to red, these are
. Using these emission lines, we estimate a redshift of z = 1.009 ± 0.002, fully consistent with the redshift range expected.
Near-infrared spectroscopy
We also obtained near-IR spectroscopy for WISE J1036+0449 on UT 2016 January 27 using the NIRSPEC instrument (McLean et al. 1998) at the Keck Observatory. Observations were carried out in the J-band using the 42 ′′ ×0.57 ′′ longslit in the low-resolution mode, and the source was observed for a total exposure time of 4×500 s in an ABBA sequence. The observations were reduced using a combination of the IRAF NIRSPEC tools provided by the Keck Observatory 3 and standard IRAF tools. The wavelength calibration was done using the sky emission lines.
Optical and Near-IR spectral analysis
The emission features observed in the optical spectrum, in particular the presence of C iii] and Mg ii, strongly imply that WISE J1036+0449 is an obscured AGN (e.g., Stern et al. 1999) . Such spectral characteristics are commonly observed in Hot DOGs Assef et al. 2016; Eisenhardt et al. in prep.) , supporting the idea that WISE J1036+0449 belongs to this class of objects.
The Mg ii emission line has a significantly broad base, implying that part of the broad-line region emission might be visible despite the large amount of obscuration towards the accretion disk. Assuming that Mg ii is broadened by the gravitational potential of the SMBH, and using the McGill et al. (2008) calibration, we find that the black hole mass is M BH ≃ 2 × 10 8 M ⊙ (see Wu et al. in prep. for details of the interpretation of broad lines in Hot DOGs). Such a broad base is not visible, however, for the Hβ emission line. In the following we discuss the near-IR spectrum of the source, and show that for Hα, the signal-to-noise ratio is too low to definitively measure the line-width but it might be broad enough to warrant an intermediate AGN classification for this object. We caution, however, that such an intermediate type might not be due to a lower obscuration, but to reflected light from the central engine as in the Hot DOG studied by Assef et al. (2016) . We note that the [O ii] doublet has an observed-frame width of approximately 20Å, which is wider than the spectral resolution of ∼ 10Å of the observations. No asymmetry is observed, as could be expected for quasar outflows. The excess width of ∼ 17Å implies a FWHM of approximately 700 km s −1 . Such width is consistent with what would be expected for emission associated with the narrow-line region of a quasar. However, in less-extreme galaxies, [O ii] is typically related to star-formation in the host galaxy (see, e.g. Kauffmann et al. 2003) , implying that it could be due to turbulence in the interstellar medium. Recently, Díaz-Santos et al. (2016) used ALMA to study the [C ii]λ157.7 µm emission line in the Hot DOG W2246-0526 at z = 4.601 (Tsai et al. 2015) . Díaz-Santos et al. (2016) found a FWHM of 600 km s (2015) using WISE and Herschel Space Observatory observations, scaled to the WISE photometry of WISE J1036+0449. The cyan circles show the SED of WISE J1814+3412 (renormalized to a similar flux level of WISE J1036+0449 for comparison), while the light red region shows the range covered by all the sources in the study of Tsai et al. (2015) . The SED is shown in νFν for comparison with Tsai et al. (2015) .
pected for a type 2 AGN, as implied by the optical spectrum. The emission lines show a small systematic offset to the red, suggesting a slightly larger redshift closer to z = 1.010, which is consistent with the optical value within the uncertainties. The continuum level at the blue end of the near-IR spectrum seems to be a factor of ∼4 below that at the red end of the optical spectrum. While no effort has been made to take into account the variations of the seeing between the science and calibration targets, which could have resulted in biases to the absolute level of the flux calibration, such a large difference could imply that the host galaxy is significantly more extended than the slit-width of 0.57 ′′ (4.6 kpc) in the J band.
UV through far-IR SED of WISE J1036+0449
One of the main characteristics of Hot DOGs is their distinctive multi-wavelength SED (see Eisenhardt et al. 2012; Wu et al. 2012; Jones et al. 2014; Assef et al. 2015; Tsai et al. 2015) . In these objects the rest-frame midthrough far-IR is dominated by emission from a highly obscured, hyper-luminous AGN, with little to no contribution from a cold dust component that would be traditionally associated with star-formation in the host galaxy. The optical, on the other hand, is typically dominated by the emission from the much less-luminous host galaxy. The SED peaks at a rest-frame wavelength of ∼ 20 µm and, hence, shows extremely red colors between the optical/near-IR and the mid-IR, but very blue colors between the mid-and far-IR.
Data and comparison with the typical SED of Hot DOGs
The UV through far-IR SED of WISE J1036+0449 is shown in Fig. 4 and the photometry is listed in Table 1. The figure shows archival optical photometry in the u ′ r ′ g ′ i ′ z ′ bands from the Sloan Digital Sky Survey Data Release 12 (Alam et al. 2015) as well as the mid-IR Note. -The columns report (1) the rest-frame wavelength, (2) the flux and (3) the error on the flux. photometry in the four WISE bands from the AllWISE data release (Cutri et al. 2012) . The WISE images, as well as the SDSS r ′ image, are shown in Fig. 1 . We also obtained additional photometry for this target at 350 µm with the SHARC II instrument (Dowell et al. 2003) at the Caltech Submillimeter Observatory (CSO). We observed the target for 50 minutes on UT 2012 March 21 and for 40 minutes on UT 2012 December 15. The data are shown in Fig. 1 . The observations were analyzed in the same manner as in Wu et al. (2012) , and a total flux density of 31±11 mJy was measured for the source 4 . The photometry is shown in Fig. 4 and reported in Table 1 . Figure 4 also shows the SED of WISE J1814+3412 and the mean IR SED of the 20 Hot DOGs studied by Tsai et al. (2015) , which include the most-luminous ones known to date with L IR > 10 14 L ⊙ and cataloged as ELIRGs (none of which has so far been studied in the X-ray band). These objects are at significantly higher redshifts than WISE J1036+0449, spanning the range between z = 2.668 and 4.601, with an average of z = 3.3. Tsai et al. (2015) presented observations obtained with the Spitzer IRAC instrument and with the Herschel Space Observatory PACS and SPIRE instruments in the 3.6, 4.5, 70, 160, 250, 350 and 500 µm bands. The SED shape has been obtained as the average of the fluxes of each source, interpolated through power-laws in the rest-frame 1 µm to 100 µm wavelength range (with some slight extrapolation where needed). The mean SED was fitted to the WISE photometry of WISE J1036+0449 for display purposes.
The SED shape of WISE J1036+0449 is very similar to the SED of WISE J1814+3412 and qualitatively consistent with the mean SED of the Tsai et al. (2015) sources. The far-IR observations obtained with CSO show that WISE J1036+0449 has a steeply dropping SED from restframe ∼10µm to ∼100µm, which is one of the defining characteristics of the Hot DOG population. This implies that cold-dust emission from star formation contributes Note. -The columns report (1) the observation number, (2) the X-ray facility, (3) the UT observation date, (4) the observation ID, and (5) the exposure time (in ks).
negligibly to the integrated SED, as such a component would be expected to peak at ∼100µm (see discussions in Wu et al. 2012 , Jones et al. 2014 , Tsai et al. 2015 . Furthermore, the SED steadily drops between rest-frame ∼ 5 µm and ∼ 1 µm, which is also, by selection, a defining characteristic of Hot DOGs and most IR-luminous galaxies. The mid-IR WISE colours are, in fact, somewhat redder than those of the objects studied by Tsai et al. (2015) , implying that they may be subject to even larger extinction (see Assef et al. 2015) .
The SED and the optical spectrum presented in §2.1.1 show that, although targeted with a different selection function, WISE J1036+0449 is a bona-fide Hot DOG. Due to its lower redshift and significantly higher flux (W 4 = 5.18 mag) with respect to other Hot DOGs, WISE J1036+0449 is an ideal target for hard X-ray observations, which are able to probe the emission from the highly obscured AGN (e.g., Baloković et al. 2014 , Gandhi et al. 2014 , 2015b , Arévalo et al. 2014 , Bauer et al. 2015 .
SED fitting
The fact that the Mid-IR SED emission is dominated by radiation produced in an accreting SMBH is confirmed by fitting the data with the AGN template of Mullaney et al. (2011) , following the procedure outlined in Stanley et al. (2015) . To reproduce the emission with a physical model we fit the rest-frame SED of WISE J1036+0449 with a combination of AGN torus (e.g., Schartmann et al. 2008; Hönig & Kishimoto 2010; Stalevski et al. 2012 Stalevski et al. , 2016 and modified blackbody (BB) SEDs. The torus component is supplied by the widely used Clumpy models 5 , introduced in Nenkova et al. (2002 Nenkova et al. ( , 2008a , and comprises a collection of dusty clouds, each with optical depth τ V > 1 in the visual band (0.55µm). A detailed description of this model can be found in Appendix A.
The SED fitting method is described in Appendix B. In the upper panels of Figure 5 we illustrate the best-fit SED (maximum-a-posteriori likelihood model, MAP), i.e. the minimum reduced χ 2 composite model (torus + BB). In the left upper panel all the available data points were fitted, while the right panel only considers the IR data 5 www.clumpy.org (1.6µm rest-frame and beyond). The need to run a fit without optical/UV data arises since these wavelength regions are possibly contaminated by the host galaxy contribution. This is the case for most Hot DOGs, as can be seen in Assef et al. (2015) and Assef et al. (in prep.) . The confidence contours obtained are shown in Fig. C1 .
A notable difference in the spectral shapes of the two models is that in the all-data fit, the torus component produces a 10µm silicate feature in weak emission, while the MAP model obtained with IR data alone shows a clear silicate absorption feature at 10µm. Obtaining a spectrally resolved SED in that wavelength region could thus greatly assist in constraining the range of likely models. The posterior distributions of all parameters are shown in the lower panels of Fig. 5 . The empty histograms are for the all-data model in the left upper panel, the grey ones for the IR-only model. Vertical lines indicate the MAP values of each parameter for the two respective models. It should be remarked that the IR-only model would predict a flux higher than that of the sources studied by Tsai et al. (2015) in the 15-70 µm range. A detailed description of the results obtained by the SED fitting is reported in Appendix C.
X-RAY OBSERVATIONS

NuSTAR
The Nuclear Spectroscopic Telescope Array (NuSTAR, Harrison et al. 2013 ) carried out three observations of WISE J1036+0449 between 2014 November 1 and December 22 (see Table 2 ). The data obtained by the two focal plane modules (FPMA and FPMB) were processed using the NuSTAR Data Analysis Software nustardas v1.4.1 within Heasoft v6.16, using the calibration files released on UT 2015 March 16 (Madsen et al. 2015) . For each observation the cleaned and calibrated event files, together with the exposure maps, were produced using nupipeline following the standard guidelines. For each focal plane module we merged the images of the three observations in the 3-24 keV band using Ximage, taking into account the exposure maps. The total onsource exposure time is 68.5 and 68.4 ks for FPMA and FPMB, respectively. The source is detected both in the 3-10 keV and 10-24 keV band (at 4.6σ and 3σ, respectively). In the combined 3-24 keV image (Fig. 1 ) the source is detected at the ∼ 6σ level.
The source spectra and light-curves were extracted using the nuproducts task, selecting circular regions of 45 arcsec radius centred on the position of the source reported in the WISE catalog (RA, DEC: 159.20133 • , 4.83086
• ), while for the background spectra and lightcurves we used an annular region centred on the source with inner and outer radii of 90 and 150 arcsec, respectively. The source and background spectra, together with the rmf and arf files for the three observations, were merged using the addascaspec task for both FPMA and FPMB. We then merged the FPMA and FPMB spectra, background and responses. The final NuSTAR spectrum of WISE J1036+0449 is shown in the left panel of Fig. 6 . The two FPM cameras detected a total of ∼ 120 background-subtracted counts. (1-2 ks each) observations of WISE J1036+0449, approximately simultaneously with NuSTAR. Swift/XRT data analysis was performed using the xrtpipeline following the standard guidelines. We inspected the combined Swift/XRT images in the 0.3-1.5 keV, 1.5-10 keV and the 0.3-10 keV (Fig. 1 ) bands, and did not find any evidence of a detection of the source.
X-RAY SPECTRAL ANALYSIS
The X-ray spectral analysis was performed using xspec v.12.8.2 (Arnaud 1996) . We added to all models Galactic absorption in the direction of the source (N Gal H = 2.9 × 10 20 cm −2 , Kalberla et al. 2005) , using the TBabs model (Wilms et al. 2000) . We set the abundances to solar values. Due to the low signal-to-noise ratio of the observations, we used the Cash statistic (Cash 1979) to fit the data. The source spectrum was binned to have two counts per bin, in order to avoid issues related to empty bins in xspec.
As a first test, we fitted the spectrum with a simple power-law model. This resulted in a photon index of Γ = 1.2 ± 0.5, lower than the value typically found for unobscured AGN (e.g., Nandra & Pounds 1994; Ricci et al. 2011) , and symptomatic of heavy line-of-sight obscuration.
Pexrav
We then fitted the data with a model that consists of an absorbed power-law with a photon index fixed to Γ = 1.9, consistent with the average intrinsic value of AGN (e.g., Nandra & Pounds 1994; Ricci et al. 2011) , and unabsorbed reprocessed X-ray emission from a slab (pexrav in xspec; Magdziarz & Zdziarski 1995) . In this scenario the outer part of the accretion disk is producing the bulk of the reprocessed radiation. The value of the reflection component was fixed to R = 0.5, while the inclination angle was set to θ i = 30
• . Obscuration was taken into account by combining Compton scattering (cabs) and photoelectric absorption (zphabs). Due to the low S/N of the spectra the Fe Kα line (at ∼ 3.2 keV in the observed frame), expected to arise from reprocessing of the primary X-ray radiation in the circumnuclear material (e.g., Shu et al. 2010; Ricci et al. 2014; Gandhi et al. 2015a ), could not be detected. In xspec the model is: tbabs Gal (zphabs×cabs×zpowerlaw + pexrav). We also applied the plcabs model (Yaqoob 1997 ), which reproduces absorption considering an uniform spherical distribution of matter: tbabs Gal (plcabs + pexrav). This model also produces a good fit to the data C/DOF = 173.4/170, and the column density obtained is N H ≤ 2.41 × 10 24 cm −2 . Next, we applied the MYTorus model (Murphy & Yaqoob 2009 ) to reproduce self-consistently absorption and reflection assuming a smooth torus with a half-opening angle of θ OA = 60
MYTorus
• . The model is composed of three additive and exponential table models: the zeroth-order continuum (MYTorusZ), the scattered continuum (MYTorusS), and a component containing the fluorescent emission lines (MYTorusL). In xspec the model we used is: tbabs Gal ×{MYTorusZ× zpowerlaw + MYTorusS + MYTorusL}. Applying MYTorus, fixing Γ = 1.9 and the inclination angle to θ i = 90
• (which corresponds to an edge-on view in this geometry), we obtained C = 172.7 for 170 DOF and a value of the column density consistent with the one inferred using pexrav (N H = 7.1 +8.1 −5.1 × 10 23 cm −2 ). The X-ray spectrum of WISE J1036+0449 and the model used for the fit (both assuming Γ = 1.9) are shown in Fig. 6 (left and right panel, respectively) . The rest-frame 2-10 keV intrinsic luminosity of the best-fit MYTorus model is 6.3 × 10 44 erg s −1 .
4.3.
Sphere We then applied the sphere model (Brightman & Nandra 2011) , which assumes that the X-ray source is fully covered by the obscuring material. The physical scenario associated with this model is that the AGN is expelling quasi-isotropically the circumnuclear material because of the high radiation pressure, similarly to what was proposed by Díaz-Santos et al. (2016) for WISE J2246−0526. In xspec the model is: tbabs Gal (atable{sphere0708.fits}). We fixed Γ = 1.9, and also found this model to give a good fit (C = 173.1 for 170 DOF), supporting that the source is heavily obscured (N H = 6.5 +6.9 −4.7 × 10 23 cm −2 ). The rest-frame 2-10 keV intrinsic luminosity obtained with sphere is 4.0 × 10 44 erg s −1 .
DISCUSSION
We have reported here on the results obtained from the study of one of the closest Hot DOGs known, WISE J1036+0449. In the following we discuss the obscuration ( §5.1) and X-ray ( §5.2) properties of this object, and of those of Hot DOGs in general.
Obscuration in Hot DOGs
Studying the luminosity function of Hot DOGs, Assef et al. (2015) have shown that Hot DOGs have a similar space density as the most luminous (L Bol 10 47 erg s −1 ) unobscured quasars. It is therefore important to constrain the absorption properties of this significant population of obscured quasars. We have shown in §2 that WISE J1036+0449 and Hot DOGs at higher redshifts have very similar multi-wavelength characteristics, and they belong to the same class of AGN.
For the three X-ray spectral models discussed in § 4 we also tested values of Γ = 1.6, Γ = 2.2 and Γ = 2.5, finding that, depending on the shape of the X-ray continuum, the value of N H varies between N H ≤ 1.2 × 10 24 cm −2
and N H ≥ 4.7 × 10 23 cm −2 (Fig. 7) . Steeper slopes imply higher values of the column density. As shown in the figure (see also Table 3 ), this range of N H is in agreement with the column density estimated from the extinction E(B − V ), assuming the relation
reported by Maiolino et al. (2001;  see also Burtscher et al. 2016 for a recent discussion on the subject).
A well-known correlation exists between the photon index and the Eddington ratio (λ Edd ), with the slope varying depending on the range of λ Edd probed (see Fig. 1 of Zhou 2015) . For values of λ Edd in the range 10 −2.6 −1 the correlation is positive (e.g., Shemmer et al. 2006; Brightman et al. 2013 Brightman et al. , 2016 . For log λ Edd ≥ −0.7 the relation between Γ and λ Edd seems to be different than at lower values of λ Edd , and the average photon index is Γ ∼ 1.9 (e.g., Ai et al. 2011; Kamizasa et al. 2012 ; Ho & Kim 2016). Assef et al. (2015) have shown that, unless Hot DOGs deviate significantly from the local M − σ relation, they radiate above the Eddington limit, with typical values of λ Edd 2 (see Fig. 8 of Assef et al. 2015 and Tsai et al. 2015 for discussions on the subject). The bolometric luminosity of WISE J1036+0449 from the SED is L Bol ≃ 8 × 10 46 erg s −1 , and considering the black hole mass estimated from the broadened Mg ii (M BH ≃ 2 × 10 8 M ⊙ ) we find that the source is accreting above the Eddington limit (λ Edd ≃ 2.7). It should be stressed that even an outflow origin of the broadening of Mg ii would imply that the source is accreting at high values of the Eddington ratio. Therefore, we expect that Γ ∼ 1.9 is a reasonable assumption for WISE J1036+0449 and for Hot DOGs in general.
Although, by construction, the selection function of Hot DOGs would not identify low-obscuration objects, it should be able to select objects with N H > 10 24 cm −2 . As discussed by Assef et al. (2015) , considering the values of E(B − V ) obtained by their analysis and Eq. 1, the typical column densities of Hot DOGs are expected to be in the range 1.7 × 10 23 < N H < 1.4 × 10 24 cm −2 . This is very different from the intrinsic column density distribution of local, less-luminous AGN, with the N H distribution of the former showing a sharp peak in the log(N H /cm −2 ) = 23 − 24 range and very few CT objects, while local AGN have a significantly more uniform distribution, and a fraction of 27 ± 4% of Comptonthick (CT, N H ≥ 10 24 cm −2 ) AGN , see also Koss et al. 2016) . It should be remarked, however, that Ricci et al. (2015) have also shown that the fraction of local hard X-ray selected CT AGN decreases with increasing values of the luminosity. To date, only a few direct measurements of the line-of-sight column density of Hot DOGs have been performed (see Table 3 ), and they seem to be consistent with what was inferred by Assef et al. (2015) , albeit with large uncertainties. The hyperluminous quasar IRAS 09104+4109 (L IR ≃ 5.5 × 10 46 erg s −1 ), recently observed by NuS-TAR, also shows a column density in a similar range A possible explanation for the difference between the column density distribution of local AGN and that of Hot DOGs obtained from E(B − V ) could be related to differences in the dust-to-gas ratios. The circumnuclear material in Hot DOGs might in fact be significantly more gaseous due to the higher luminosity, which would cause most of the dust in the inner few parsecs to sublimate. Fitting the X-ray spectrum of WISE J1036+0449 with the sphere model, setting N H = 10 25 cm −2 , we found a worse fit (C = 194.7 for 171 DOF) than that reported in §4.3. It should be remarked that Gandhi et al. (2016) have recently shown, studying the broad-band Xray spectrum of the LIRG NGC 7674, that even objects with weak Fe Kα lines could be heavily obscured and reflection-dominated. The model Gandhi et al. (2016) used for NGC 7674 can well reproduce the spectrum of WISE J1036+0449 (C = 175.0 for 171 DOF). It might therefore be possible that WISE J1036+0449 and other Hot DOGs are significantly more obscured than inferred by current X-ray spectral analysis.
Another explanation for the different column density distributions could be the following. For a given mass of gas and dust, and assuming a homogeneous distribution of the material, it is more difficult to have Compton-thick [log(N H /cm −2 ) ≥ 24] lines-of-sights if the inner radius of the absorbing material is at larger distances from the X-ray source than for local AGN. The inner radius of the dust around Hot DOGs can be calculated from the dust sublimation radius (e.g., Nenkova et al. 2008c ):
where T sub is the sublimation temperature of dust grains. Considering silicate dust grains (T sub = 1500K), and the average bolometric luminosity of Hot DOGs reported Note. -The table reports (1) the list of Hot DOGs that have been observed in the X-ray band, (2) the values of the spectroscopic redshift, (3) the facility used (C: Chandra; N: NuSTAR; X: XMM-Newton), (4) the column density inferred from the X-ray spectral analysis, (5) the column density obtained from E(B − V ) using Eq. 1, (6) the extinction, (7) the intrinsic rest-frame 2-10 keV luminosity and the 68% confidence interval, (8) the rest-frame 6 µm luminosity and (9) the reference. The objects reported in the table are typically at lower redshifts and have lower luminosities than those reported in Tsai et al. (2015) a Sources for which the column density and the intrinsic 2-10 keV luminosity were inferred from the X-ray spectral analysis. For WISE J1036+0449 we reported the value obtained using the MYTorus model (see §4.2). b Sources for which the column density was obtained from E(B − V ) using Eq. 1, and the intrinsic 2-10 keV rest frame luminosity was extrapolated as illustrated in Appendix D.
by Assef et al. (2015) ( L bol ≃ 5 × 10 47 erg s −1 ), we obtain that the inner radius of the dust is ∼ 9 pc. This is much larger than the typical value expected for Swift/BAT AGN (
44 − 10 45 erg s −1 ). It should be remarked that, while these distances might be systematically smaller by a factor of ∼ 3, as found by near-IR reverberation studies (Kishimoto et al. 2007 ), the ratio between R d of local AGN and Hot DOGs would be the same. Therefore, if Hot DOGs have dust masses comparable to local AGN, and gas and dust are strongly coupled, a difference in the column density distribution would be expected. While there might be a significant fraction of dust-free material within the sublimation radius, this material is also likely to be highly photo-ionized by the very luminous AGN. Moreover, as shown by Díaz-Santos et al. (2016) for WISE J2246−0526, it is possible that in Hot DOGs, due to the strong radiation pressure, the gas is being blown away isotropically. Hot DOGs could be very different from local, lessluminous AGN, where the bulk of the gas and dust is believed to be distributed in a torus-like structure, and might represent a short-lived transition phase between heavily obscured and unobscured AGN (Bridge et al. 2013) , similar to red quasars (e.g., Urrutia et al. 2008; Banerji et al. 2012; LaMassa et al. 2016) . The idea that this phase might happen following a major merger is supported by the recent results of (Fan et al. 2016b) using Hubble Space Telescope/WFC3 images. Studying SCUBA observations Jones et al. (2015) showed that Hot DOGs have an excess of SMG neighbours, which would increase the chances of a merger. These results are in agreement with the idea that the AGN unification model might not be valid at high luminosities, where galaxy mergers are more important than secular processes in triggering accretion onto the SMBH (e.g., Treister et al. 2012) .
Are Hot DOGs intrinsically X-ray weak?
AGN show a strong positive correlation between 2-10 keV and mid-IR luminosity (at 6 µm or 12 µm, e.g. Lutz et al. 2004; Ichikawa et al. 2012; Mateos et al. 2015) , as confirmed by high angular resolution (∼ 0.35 arcsec) mid-IR studies (e.g., Gandhi et al. 2009 , Levenson et al. 2009 , Asmus et al. 2015 of AGN in the Seyfert regime (L 6 µm < 10 44 erg s −1 ). In the quasar regime (L 6 µm > 10 44 erg s −1 ), Stern (2015) found evidence of a flattening of the relationship for L 6 µm 10 46 erg s −1 , with most sources being fainter than expected in the X-ray band, in agreement with what was found by Fiore et al. (2009b) and Lanzuisi et al. (2009) . To reproduce this trend, Stern (2015) proposed a revised formulation, using a second-order polynomial to fit the data.
A deviation of the mid-IR/X-ray correlation at high luminosities might be expected, considering the following arguments. The flux in the mid-IR is believed to be due to reprocessing of optical, UV and Extreme UV photons by the gas and dust in the putative molecular torus; therefore the main driver of the mid-IR/X-ray correlation is the relation between the optical/UV and Xray flux, which has been analyzed by studies focussed on two related quantities: i) the optical to X-ray flux ratio (α OX ), which is the ratio between the monochromatic 2 keV and 2500Å luminosities; ii) the 2-10 keV bolometric correction (κ x ). Recent works have shown that both α OX (e.g., Lusso et al. 2010) and κ x (e.g., Vasudevan & Fabian 2007 ) depend on λ Edd , with the optical flux increasing with respect to the X-ray flux for higher values of λ Edd . This effect could be related to the different physics of the accretion flow and corona, or to the fact that the X-ray source is saturated by the high rate of optical/UV photons produced by the accretion flow.
According to the relation of Stern (2015) , the expected 2-10 keV luminosity of WISE J1036+0449 would be log(L 2−10 keV /erg s −1 ) ≃ 45.25, a value ∼ 3 times higher than that obtained by our X-ray spectral analysis [log(L 2−10 keV /erg s −1 ) ≃ 44.80]. To constrain the relation between the 6 µm and 2-10 keV luminosity for the three objects from Stern et al. (2014) that have been observed so far by X-ray facilities, but for which no spectral analysis could be performed because of the low significance of the detections, we calculated the intrinsic 2-10 keV luminosity from the value of N H obtained from E(B − V ) and the 0.5-10 keV observed flux. The procedure adopted is described in Appendix D. The values of L 2−10 keV , L 6 µm , N H and E(B − V ) for all Hot DOGs observed in the X-rays are listed in Table 3 . A possible caveat of this approach is that, as mentioned in §5.1, it is still largely unknown whether in the extreme environments of Hot DOGs the relationship between E(B − V ) and N H is consistent with that found for local AGN by Maiolino et al. (2001) . However, it should be remarked that the values of the column density obtained for WISE J0204−0506 and WISE J1036+0449 through X-ray spectral analysis are in agreement with those extrapolated from E(B − V ) (see Table 3 and Fig. 7) . A possible exception is WISE J1835+4355, which is significantly more obscured than what would be predicted by E(B − V ) (Zappacosta et al. in prep.) .
As shown in Fig. 8 , the absorption-corrected X-ray luminosities of all the Hot DOGs (red circles) observed by X-ray facilities are significantly lower than the values expected by the mid-IR/X-ray correlation, which implies that they might be either intrinsically X-ray weak or significantly more obscured than estimated. Hot DOGs are also significantly less luminous in the X-ray band than the unobscured quasars with similar 6 µm luminosities shown in the figure (from Just et al. 2007 ). This is found in objects for which L 2−10 keV was obtained from spectral analysis, as well as in those for which we used the indirect approach described in Appendix D. Considering the average bolometric luminosity of Hot DOGs (Assef et al. 2015) , L bol ≃ 5 × 10 47 erg s −1 , the Eddington ratio would be λ Edd ≃ 1 even assuming an average black hole mass of M BH ∼ 4 × 10 9 M ⊙ . If so, κ x would be ≃ 100, a value 5-10 times larger than for λ Edd 0.1 (Vasudevan & Fabian 2009 ). For WISE J1036+0449 we found that λ Edd ≃ 2.7 and, considering the bolometric luminosity inferred from the SED (L Bol ≃ 8 × 10 46 erg s −1 ), we find that κ x ≃ 130. It should be remarked that L Bol was calculated by interpolating with a power-law the WISE and CSO data, which might underestimate the real value of the bolometric output for this source and therefore the value of κ x . The variation of κ x and α OX could therefore straightforwardly lead to the observed deviation in the mid-IR/Xray correlation at high values of λ Edd .
X-ray weakness has been found to be rather common in broad-absorption line quasars (e.g., Gallagher et al. 2001; Luo et al. 2013 Luo et al. , 2014 , and, recently, it has been discussed that it might be found also in some ULIRGs (e.g., Teng et al. 2014 Teng et al. , 2015 . However, the mechanism responsible for the quenching of the X-ray emission is still unknown. A possible explanation is that the blackhole masses of Hot DOGs are smaller than those of unobscured quasars with similar luminosities, which would lead to larger values of λ Edd , and therefore of κ x and α OX . Luo et al. (2013 Luo et al. ( , 2014 argued that the X-ray Figure 8 . Rest-frame 6 µm luminosity versus intrinsic rest-frame 2-10 keV luminosity for several samples of AGN: Hot DOGs from this work (big red circles, the red arrow represents the upper limit for WISE J2207+1939), broad-lined AGN from the SEXSI survey (Eckart et al. 2010 ; open green squares), luminous quasars from Just et al. (2007) (large solid blue circles), Compton-thin AGN observed by NuSTAR , Del Moro et al. 2014 : purple crosses), quasars from SDSS DR5 (Young et al. 2009 ; small blue dots) and local Seyfert galaxies (Asmus et al. 2015 , Gandhi et al. 2009 ; red exes). The lines illustrate five L 6 µm -L 2−10 keV relations (see §5.2 for details). The mid-IR luminosities of Asmus et al. (2015) were obtained at 12 µm. The figure shows that Hot DOGs are significantly weaker in the X-ray band than unobscured quasars in the same 6 µm luminosity range.
weakness of broad-absorption line quasars would substitute the shielding material often invoked to prevent the overionization of the wind from the X-ray radiation, thus leading to the launching of more powerful winds. Alternatively, it has been proposed by Proga (2005) that outflows from the accretion disk could collide with the corona, suppressing the production of X-ray emission. Considering the extreme luminosities and Eddington ratios of Hot DOGs, this mechanism appears plausible, also in light of the recent ALMA study of Díaz-Santos et al. (2016) , who found evidence of extremely powerful winds in the most luminous Hot DOG known.
SUMMARY AND CONCLUSIONS
We reported here on the multi-wavelength study of WISE J1036+0449, the first Hot DOG detected by NuS-TAR. The source was selected using new selection criteria that identify Hot DOGs at lower redshifts than previously discovered. We report below the main findings of our work.
• The redshift of WISE J1036+0449 is z = 1.009.
The SED of the source is extremely similar to those of Hot DOGs at z ∼ 2 (Fig. 4) , validating the new method to select Hot DOGs at z ≃ 1.
• The source is detected in the X-ray band, which confirms the presence of a powerful AGN. We found that the source is obscured [N H ≃ (2 − 15) × 10 23 cm −2 ], with a column density consistent with that of the bulk of the Hot DOG population.
• If the broadening of the Mg ii line is due to the gravitational field of the SMBH, then the black hole mass is M BH ≃ 2×10 8 M ⊙ and the Eddington ratio λ Edd ≃ 2.7.
• The intrinsic 2-10 keV luminosity of WISE J1036+0449 [log(L 2−10 keV /erg s −1 ) ∼ 44.80] is considerably lower than the value expected from the mid-IR/X-ray luminosity correlation, considering its 6 µm luminosity [log(L 6 µm /erg s −1 ) ∼ 46.61], and the 2-10 keV bolometric correction is κ x ≃ 130. Other Hot DOGs are fainter than expected in the X-ray band (Fig. 8) , which might imply that X-ray weakness is a common characteristic of extremely luminous AGN. X-ray weakness might either be related to significantly larger values of λ Edd (and therefore of κ x and α OX ), and/or to the disruption of the X-ray corona caused by outflowing material. An alternative explanation is that Hot DOGs are significantly more obscured than what is inferred by current studies based on X-ray spectroscopy and on the analysis of the SED.
Future X-ray observations of Hot DOGs at z 1 will be extremely important to understand whether these objects are intrinsically X-ray weak and to shed light on the conditions of the X-ray emitting plasma around SMBHs at the highest luminosities and accretion rates.
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